IMPORTANCE Traumatic brain injuries (TBIs) can have serious long-term consequences, including psychiatric disorders. However, few studies have assessed the association between TBI and risk of suicide.
I ndividuals with a history of traumatic brain injury (TBI) have been shown to have higher rates of nonfatal deliberate self-harm, suicide, and all-cause mortality than members of the general population. [1] [2] [3] Individuals with TBI may experience significant physical, cognitive, and emotional symptoms that place them at higher risk of suicide. 4 A recent systematic review 3 supported this premise by reporting an association of increased risk of suicide among TBI survivors compared with individuals with no TBI. However, most previous studies examining the relation of TBI and completed suicide have been limited by methodological shortcomings, such as small sample sizes, in particular very low numbers of suicide cases with TBI (maximum of 105 cases in studies that also included a control population).
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These factors have compromised more detailed analyses, for instance with respect to severity, timely relation, and control of confounding variables. Several studies 2, 13 have used standardized mortality rate (SMR) calculations based on governmental released age-and sex-mortality rates to estimate the risk of suicide associated with TBI. These estimates have varied widely, with reported SMRs ranging from 0.82 to more than 4, and they have lacked appropriate confounding control. 2, 7, 8, 10, 14 Recently, a Swedish register-based study reported a 3-fold higher risk of suicide in patients with TBI than in the age-and sex-matched general population; however, this estimate was not adjusted for important risk factors related to both TBI and suicide, such as preexisting psychiatric illness and nonfatal deliberate self-harm. 15 The primary objective of this retrospective cohort study was to examine the association between TBI and subsequent suicide.
Methods
An anonymized data set was used for research purposes, and the project was approved by the Danish Data Protection Agency (journal number 2012-58-0004). Hence according to Danish legislation, informed consent from participants was not required.
Study Population
All individuals who were alive and living in Denmark during the study period were included in our analyses. In total, the cohort comprised 7 418 390 individuals aged 10 years or older from January 1, 1980, who were followed up until their dates of death or emigration from Denmark or December 31, 2014, whichever came first. By using the unique personal identification number assigned to each person in Denmark, linkage of data between various national registries was possible. We retrieved data from the Danish Civil Registration System, 16 the Database for Integrated Labour Market Research, 17 the National Hospital Register, 18 the Psychiatric Central Research
Register, 19 and the Cause of Death Register. 20 Since 1977, TBI was recorded for inpatient treatment and from 1995, contacts on outpatient visits and visits to emergency units were included in the registers. If a patient was registered twice within a month for a TBI, this was considered to be a recording of the same event. Traumatic brain injury was categorized into the following types: (1) mild TBI (defined as concussion), (2) skull fracture without documented TBI, and (3) severe TBI (head injuries with evidence of structural brain injury) (see the ICD-codes in eTable 1 in the Supplement). This categorization is based on the definition given by the American Congress of Rehabilitation Medicine and has been used in prior population-based studies of TBI. 22, 23 In the analyses of TBI severity, these categories were mutually exclusive and individuals were categorized according to severity, ranging from mild TBI through skull fracture without documented TBI to severe TBI. To assess the association between TBI and suicide in greater depth, we included the following covariates: number of medical contacts for likely distinct TBI events (0, 1, 2 or ≥3), accumulated number of days in hospital treatment for TBI (<1, same day discharge; 1; 2; 3; 4; 5; 6-14; and ≥15 days), ageatfirstTBI(0-10, >11-15, >16-20, >21-40, >41-60, and ≥61 years), and time since last medical contact for TBI (0-6 months, >6-12 months, >1-2 years, >2-3 years, >3-4 years, >4-5 years, >5-6 years, >6-7 years, ≥7 years since discharge).
Outcome
From the Cause of Death Register, 20 we retrieved the outcome measure on death by suicide (ICD-8 codes E950-E959 or ICD-10 codes X60-X84, Y87). 
Statistical Analysis
Incidence rate ratios (IRRs) were estimated using adjusted Poisson regression models and time-varying variables (all variables were time-varying except for sex) using SAS (SAS Institute Inc; version 9.4). This method approximates Cox regression. 29 No adjustment was carried out for post-TBI psychiatric disorders and post-TBI deliberate self-harm because these potentially may act as mediators between TBI and suicide. To explore this further, we estimated incidence IRRs of the risk of suicide associated with before and after TBI psychiatric diagnosis and deliberate self-harm, respectively, in analyses confined to patients with TBI. In addition, multiplicative interaction analyses were carried out between TBI and pre-TBI psychiatric disorders and pre-TBI deliberate self-harm, respectively. In eTables 2 and 3 in the Supplement, the results of test of interaction terms are provided in the footnotes.
We also tested the overall association between TBI and suicide in a sub-cohort of individuals 18 years or more old born after 1962 to validate the association among individuals with full register follow-up as well as in a subcohort excluding those who received a TBI diagnosis in a deliberate self-harm episode.
Overall, the level of statistical significance was P <.05, and tests were 2-sided. To minimize type I errors due to multiple testing, all presented P values are Bonferroni corrected with a factor 53 equal to the total number of carried out tests, and statistically significant estimates (with a P <.00095 after Bonferroni correction) were noted in the Tables.
Results
Of the 7 418 391 living residents of Denmark during the 1980-2014 follow-up period (observed for a total of 164 265 624 person-years; Table 1 ), 567 823 had received a diagnosis of TBI (mean age at first TBI, 34.3 years [SD, 23.6 years], 41% women). Of the total population, 423 502 individuals (5.7%) were diagnosed with a mild TBI, 24 221 (0.3%) with skull fracture, and 120 100 (1.6%) with severe TBI. In all, 34 529 individuals died by suicide, mean age of 52 years (23 238 men; 11 291 women) and an overall absolute rate of 21.0 per 100 000 person-years (95% CI, 20.8-21.2). Among the 34 529 suicides, 3536 (10.2%) had previously been diagnosed with TBI (2578 men; 958 women), including 2701 with mild TBI, 174 with skull fracture without documented TBI, and 661 with severe TBI ( Table 2) .
The absolute rate of suicide in individuals with hospital contact for TBI was 40.6 per 100 000 person-years (95% CI, 39.2-41.9) compared with 19.9 per 100 000 person-years (95% CI, 19.7-20.1) in those with no hospital contact for TBI, for a difference of 20.7 per 100 000 person-years (95% CI, 19.3-22.1). The IRR was 2.64 (95% CI, 2.55-2.74) in the model adjusted for sex, age, and calendar period and was 1.90 (95% CI, 1.83-1.97) in the fully adjusted model. Furthermore, the fully adjusted analyses showed an increased risk of suicide by TBI severity: the absolute rate for mild TBI was 38.6 per 100 000 person-years (95% CI, 37.1-40.0) with an IRR (Table 2) . Individuals with a severe TBI also had a higher risk of suicide than individuals with a mild TBI (between-group difference IRR, 1.32; 95% CI, 1.21-1.44; P < .001) but not significantly different compared with those who had a skull fracture (IRR, 1.18; 95% CI, 1.00-1.40; P = .048). There was no significant difference in suicide risk between those with a mild TBI and a skull fracture (IRR, 1.11; 95% CI, 0.96-1.30; P = .17). A higher suicide rate was noted with increasing number of medical contacts for likely distinct TBI events (test for trend, P < .001); compared with those with no TBI contact, 1 contact was associated with an IRR of 1.75 (95% CI, 1.68-1.83, P < .001) whereas 2 contacts had an IRR of 2.31 (95% CI, 2.13-2.51), and 3 or more contacts had an IRR of 2.59 (95% CI, 2.35-2.85), ie, not significantly different from 2 contacts (P ≥.99) (Figure, A) . Moreover, a higher suicide frequency was noted relative to increasing number of days in treatment for TBI (test for trend, P < .001). As seen in Figure, B, the IRR for individuals hospitalized at least 1 day was 1.78 (95% CI, 1.69-1.88), whereas IRRs of more than 2 were noted for those whose treatment had lasted at least 3 days compared with individuals with no medical contact for TBI (see eTable 4 in the Supplement). Temporal proximity since last medical contact for TBI was associated with risk of suicide (test for trend, P < .001), with an IRR of 3.67 (95% CI, 3.33-4.04) the first 6 months and 1.76 (95% CI, 1.67-1.86) after 7 years compared with the background population. The risk of suicide with in the first 6 months after the TBI incident was also significantly higher (test of between group difference IRR, 2.10 (95% CI, 1.89-2.34; P < .001) compared with more than 7 years after a TBI.
In Figure, D , the results presented were not adjusted for non-CNS-related fractures, and it shows that those with TBI had an IRR of 2.00 (95% CI, 1.93-2.08; P < .001) for suicide after a medical contact for TBI but also that those with fractures not involving the skull or spine had a higher rate of suicide with an IRR of 1.15 (95% CI, 1.12-1.19) than did the background population. Compared with individuals with a non-CNS-related fracture, those with a TBI had a significantly higher risk of suicide (IRR, 1.73; 95% CI, 1.66-1.81; P < .001).
The fully adjusted analyses showed that suicide rates were significantly elevated for all age groups of first TBI compared with individuals without TBI ( Table 3) . Those who had a first medical contact and were between the ages of 16 and 20 years had the highest suicide risk (IRR, 3.01; 95% CI, 2.74-3.30) compared with individuals with no TBI and also were at significantly higher risk of suicide than those experiencing TBI in all other age-groups (test of between group difference IRR, 1.65; 95% CI, 1.50-1.82; P < .001).
Individuals who were diagnosed with a psychological illness after their TBI had a higher risk of suicide (IRR, 4.90; 95% CI, 4.55-5.29; P < .001) than did those with TBI only, as were those who had engaged in deliberate self-harm after experiencing their TBI (IRR, 7.54; 95% CI, 6.91-8.22; P < .001; Table 4 ). Likewise, individuals who had been diagnosed with a psychological illness before their TBI had a higher risk of suicide (IRR, 2.32; 95% CI, 2.10-2.55; P < .001) than did those with TBI only, as were those who had engaged in deliberate self-harm before experiencing their TBI (IRR, 2.85; 95% CI, 2.53-3.19; P < .001). Analyses of interaction showed a negative association between TBI and prior psychiatric diagnosis or prior deliberate self-harm, thus among individuals who had both preexisting psychological illnesses or had engaged in self-harm prior to their experiencing a TBI were at lower risk of suicide than those who had psychological illness or had engaged in deliberate self-harm but who did not experience a TBI (P < .001 for interaction terms; eTable 2 and eTable 3 in the Supplement).
The sensitivity analyses including only individuals with full register follow-up born after 1962 supported the overall association between TBI and suicide in the younger population, with a slightly higher association between TBI and suicide (IRR, 2.42; 95% CI, 2.25-2.59; eTable 5 in the Supplement). The association between TBI and suicide in analyses 
Discussion
In this registry-based, retrospective, cohort study involving all Denmark residents, those with medical contact for TBI compared with the general population without TBI had an increased risk of suicide. Additional analyses revealed that the risk of suicide was higher for individuals with severe TBI, numerous medical contacts, and longer hospital stays. Analysis further showed that these individuals were at highest risk in the first 6 months after discharge. The association between TBI and suicide is likely to be partly mediated by post-TBI psychiatric symptoms because the risk of suicide among those who developed a psychiatric diagnosis or engaged in deliberate selfharm after a TBI diagnosis was higher than among individuals with only a TBI diagnosis. Traumatic brain injury constitutes a major public health problem with many serious consequences; furthermore, medical contact due to TBI had occurred prior to 10.2% of suicides. The absolute suicide rate in Denmark was 21 per 100 000 person-years in the 1980-2014 period, but it was almost twice as high among individuals with TBI, 41 per 100 000 person-years. This study reports a lower difference between those with TBI and the general population than what has been reported in other studies, which in most cases have described this relative difference (although expressed as odds ratios, hazard rates, or in SMRs) to be somewhat higher than 2-fold.
2,10,11,13-15 Some of the previously reported estimates were only adjusted for sex and age, although a few were also adjusted for race, income, or marital status, and these resemble the basic adjusted findings in this study ( have reported estimates that were adjusted for pre-TBI psychiatric diagnoses; however, both studies were based on selected subgroups, ie, children 11 and military veterans (90% male population) 12 and were limited by small numbers of TBI-related suicide cases. As such no other studies, to our knowledge, have previously provided adjusted estimates for important confounders, such as pre-TBI psychiatric diagnosis, epilepsy, other fractures, a range of somatic comorbidity, and pre-TBI deliberate self-harm, which decreases the association between TBI and suicide. Still, a significantly higher suicide rate after medical contact for TBI was found. Furthermore, some findings in our study affirmed those reported in previous studies, such as suicide risk being associated with the number of medical contacts for TBI, 6,9 an increased rate with increased TBI severity, 2 and a higher suicide rate among individuals who experience a first TBI in young adulthood.
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Moreover, the risk of suicide was substantially higher after TBI than after non-CNS-related fractures, indicating that the association between TBI and suicide was not merely due to injury proneness. Furthermore, the interaction analyses indicating that in individuals with a pre-TBI history of either a psychiatric diagnosis or an engagement of deliberate selfharm, a TBI was associated with a lower risk of suicide than among those who only had a psychiatric diagnosis or engaged in deliberate self-harm. This seems paradoxical and might be due to increased medical attention after the TBI or possible TBI induced initiative apathy among those who in addition to a psychiatric history or deliberate self-harm experience a TBI, reducing suicide events that otherwise would have occurred. Traumatic brain injury is a major public health problem that has many serious consequences, including suicide. The high prevalence of TBI globally emphasizes the importance for preventing TBI in order to ameliorate its sequelae, such as increased suicide risk, which can be prevented resulting in saved lives. Falls or road traffic accidents 30 account for the largest share of TBIs. Helmet use has a protective effect, especially falls related to bicycling 31,32 and falls that occur at work.
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This study has several strengths. First, this is a largescale cohort study that included 7 418 391 individuals, 34 529 suicides, and 35 years of follow-up. It compared individuallevel data in the analyses that were adjusted for time-varying important and well-known risk factors of suicide. Second, it included only suicide death as an outcome, not including uncertain deaths like in other previous studies, 15 and classification of suicide in the Danish Cause of Death Register has recently been found to be very reliable.
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Limitations
This study also has several limitations. First, before 1995 medical outpatient contacts were not registered; thus, mild TBI incidents were treated in medical outpatient settings before 1995 and were not counted as individuals with TBIs, which may bias the estimates in a conservative direction. Second, no information on what treatment patients with TBIs received was available, which would have been useful to estimate whether different treatment regimens or subsequent follow-up would have reduced the suicide risk. Third, this study analyzed the number of medical contacts without further distinction among the 3 subtypes of medical encounter (hospitalization, emergency department, or outpatient); however, we evaluated the days in treatment as a measure of severity. Fourth, some individuals may not seek medical treatment after experiencing a mild TBI or for mild psychiatric disorders or for deliberate self-harm, consequently this would be unregistered and result in misclassification that bias estimates. Nevertheless, the risk of suicide was more increased after severe TBI than after mild TBI and also increased with the severity of the TBI when measured by the length of hospitalization for TBI, which might be a more accurate measure of TBI severity. Fifth, the National Patient Register has registered inpatient contacts since 1977; therefore, some individuals may have entered the study cohort with a pre-1977 incident of TBI, which may result in an underestimation of the risk estimate particularly in the elderly. Nevertheless, sensitivity analyses including only individuals with lifetime full registry data follow-up support the overall results.
Conclusions
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